









































































































































































































































1) WCSは，ホールクロップサイレージ（Whole Crop Silage）の略称である。















































































































































































































































































































































































種機の 1 粒吸着率はトウモロコシの場合 98％を上回る（農業機械学会 1984）ことを参
考とし，開発繰出装置の目標を以下のとおり掲げた。
ア．2m/s 以上の高速作業を可能にするため，トウモロコシで 12 回/s（株間 18cm の
とき作業速度約 2.16m/s に相当）の種子繰出が可能なこと













ら 1967，Wanjura ら 1969，Short ら 1970，小中ら 1974，伊藤ら 1976，佐々木ら 1976，


















































M は大きさが中，R は形状が丸型であることを示す。）約 1L を種子貯留ホッパに投入
し，種子がすべて排出されるまで連続運転して行った。繰出速度は，12 回/s（セル中
心の周速度は 35.8cm/s）に設定した。種子の受渡し部および放出口の確認は，高速度
ビデオカメラ（EXILIM EX-F1，CASIO）を用いフレームレート 300 コマ/s で撮影し，
モニター上で再生し確認した。なお，開発繰出装置の目皿面の水平面に対する傾斜角
（以下，目皿傾斜角）は，岡村ら（1966）が，ビート種子を対象とした試験を行い，






回/s（セル中心の周速度は 11.9，23.9，35.8cm/s，作業速度は株間 18cm のとき約 0.72，
1.44，2.16m/s に相当）の 3 段階に設定した。既存装置の繰出速度は，2.8〜11 回/s






し，モニター画面から，連続 100 回の種子繰出し中の欠粒，1 粒および 2 粒をカウン
トし，全繰出回数で除した割合（％）を指標とした。供試種子は，上記基本機能の確
認と同じ KD731-MR とした。既存装置の目皿は，トウモロコシ種子の丸型中粒用で，直
































































































































べた結果，分離目皿の種子ホルダは，内接円直径 6.5mm から 9mm まで 0.5mm 刻みとす
ることで，概ねほとんどのトウモロコシ種子をカバーできることがわかった。このた
め，分離目皿は，トウモロコシ用として，呼び名φ6.5，φ7，φ7.5，φ8，φ8.5，










A b c d
φ6.5 6.5 8.0 3.4 6.5 5.2
φ7 7.0 8.0 3.4 6.5 5.2
φ7.5 7.5 8.0 3.4 6.5 5.2
φ8 8.0 8.0 5.2 8.0 6.5
φ8.5 8.5 8.0 5.2 8.0 6.5














に 48°とした。放出目皿の直径は，分離目皿と同じ 160mm とした。厚さは，種子を
受け取るポケットの容積とポケットの底部に傾斜勾配を確保するため 26mm とした。
(3) 受渡し穴の位置と長さ
















































既存装置は，繰出速度が 3〜5 回/s（株間 18cm のとき作業速度約 0.5～0.9m／s）の
とき，1 粒率は 95％前後であった。繰出速度を速くすると 1 粒率が低下する傾向を示
28
し，10〜11 回/s（株間 18cm のとき作業速度 1.8～2m／s 程度）では 80％程度まで低
下した。繰出速度を速くしたとき 1 粒率が下がる要因は，欠粒率が増加することであ
った。一方，開発繰出装置は，繰出速度 4，8，12 回のいずれの場合も欠粒および 2

































































































KD777-LR 393 2,540 9.9±0.7 9.2±0.6 6.5±0.7 1.52 φ8.5
KD772S-LF 382 2,620 10.9±0.6 9.9±0.3 5.0±0.4 2.18 φ8.5
LG3520-LR 371 2,690 10.6±0.8 9.4±0.6 5.5±1.0 1.92 φ8.5
SM8490-MR 323 3,100 9.5±0.8 7.9±0.6 6.4±0.6 1.50 φ8
KD742-LF 324 3,090 10.7±0.8 8.5±0.6 5.0±0.4 2.13 φ8
NS129-MR 310 3,220 9.5±0.8 8.4±0.6 5.5±0.8 1.72 φ8
P2023-MR 308 3,243 9.7±0.9 8.7±0.5 5.8±0.7 1.66 φ7.5
31N27-MF 294 3,400 12.3±0.7 8.1±0.3 4.7±0.3 2.63 φ8
SM8446-MR 286 3,500 9.4±0.7 8.2±0.5 6.0±0.6 1.55 φ8
KD731-MR 266 3,760 9.4±0.9 7.6±0.3 6.8±0.4 1.38 φ8
NS129-SR 234 4,360 8.6±1.1 7.6±0.6 5.9±0.8 1.46 φ7
LG3457-SF 205 4,890 8.8±0.7 7.4±0.4 5.5±0.7 1.61 φ7.5
SH9904-SR 202 4,950 9.0±1.0 7.3±0.7 5.4±0.6 1.67 φ6.5








































種子繰出装置から 1 回の繰出しで 2 粒が繰り出される（以下，2 粒）と播種密度に影
響する。このため，分離精度は，全繰出し回数のうち 1 粒で繰出した割合（以下，1 粒
率）を主な指標とし，欠粒の発生割合（以下，欠粒率）と 2 粒の発生割合（以下，2 粒
率）についても 1 粒率低下の要因を探るため調べることとした。
① 目皿傾斜角の影響
目皿傾斜角の分離精度への影響を調べるため，図 2-8 のとおり，目皿傾斜角が 38°
32
から 62°（目皿面が水平を 0°とした）まで 2°間隔に傾くように開発繰出装置全体
を傾斜させ，1 粒率，欠粒率および 2 粒率の変化を調べた。1 粒率，2 粒率および 2 粒
率は，各設定毎に 100 回の連続種子繰出しを 5 回繰り返し，1 粒，欠粒および 2 粒そ
れぞれの繰出回数の合計を全繰出回数で除して求めた。1 粒，欠粒および 2 粒は，放
出口から繰出された種子が接地する位置を高速度ビデオカメラ（EXILIM EX-F1，
(株)CASIO）を用いフレームレート 300 コマ/s で撮影後，モニター画面から判定しカ





2.16m/s に相当）の 3 段階として，1 粒率の変化を調べた。
供試トウモロコシ種子は，KD777-LR，KD772S-LF，LG3520-LR，SM8490-MR，KD742-LF，
NS129-MR，P2023-MR，31N27-MF，SM8446-MR，KD731-MR，NS129-SR，LG3457-SF，SH9904-










































































を用い，仮想接地ラインに目盛り 1mm の方眼紙を置き，640☓480 画素，フレームレー







供試した 2 種類の種子いずれも，目皿傾斜角が 42～58°の範囲のとき，1 粒率は
98％前後であったが，その範囲から外れると 1 粒率が低下した（図 2-11）。1 粒率の低








































































目皿傾斜角は 42°と 58°の中間の 50°とすることが適当と判断された。
(2) 繰出速度の影響












































































































































































2) 欠は欠粒率，1 は 1 粒率，2 は 2 粒率を示す．各速度毎に 100 回の連続繰出









35cm/s 程度までは 1 粒率に大きな変化がないことが分かった。
(3) 種子形状の影響
上記試験の結果において，繰出速度の違いによる 1 粒率への影響は小さかったため，
4，8，12 回/s の 1 粒率を平均（以下，平均 1 粒率）し，平均 1 粒率と長短比との関係
を図 2-12 に示した。平均 1 粒率は，長短比が 1.5 前後の種子の場合は 98％以上であ
ったが，長短比が大きくなると低下する傾向を示し，長短比が 2.0 前後では 96〜98％




図 2-12 供試種子の長短比と平均 1 粒率
1）
の関係







































KD777−LR 4 0.72 3.3 3.8 18.0±2.4 
8 1.44 6.7 6.5 18.0±1.5
12 2.16 10.0 9.8 17.9±1.9
31N27−MF 4 0.72 3.3 4.0 18.1±1.4 
8 1.44 6.7 6.7 18.0±1.8
12 2.16 10.0 9.6 18.0±1.9
KD731−MR 4 0.72 3.3 3.2 18.0±1.6 
8 1.44 6.7 6.1 18.0±1.7
12 2.16 10.0 9.3 18.0±3.2
LG3457−SF 4 0.72 3.3 3.7 17.9±1.5 
8 1.44 6.7 6.6 18.0±1.8
12 2.16 10.0 9.9 18.0±2.0






MCP2060， IHI スター）を供試し，耕起ほ場において，株間 18cm，作業速度約 0.5m/s



























ス収穫跡（以下，不耕起 G）の 2 区，耕起ほ場は，同じく岩手県畜産研究所内のロー
タリ耕起し鎮圧後（以下，耕起 I)と群馬県畜産研究所内のプラウ耕後ディスクハロー
砕土後（耕起 G)の 2 区とした。不耕起 G，耕起 I，耕起 G に石はなかったが，不耕起
I には直径約 5〜20cm の石が多数観測された。ほ場条件として，含水比および SR-2 型
土壌抵抗測定器を用いた土壌貫入抵抗の測定を行った。
④ 供試種子と分離目皿および供試トラクタ
供試トウモロコシ種子の品種は，不耕起 I と耕起 I が LG3215MR，不耕起 G と耕起 G
が KD777NewMF とし，分離目皿はいずれもφ8.0 とした。供試トラクタは，不耕起 I と
耕起 I が 40kW（M1-55，クボタ），不耕起 G と耕起 G は 22kW (MT30，三菱）とした。
⑤ 測定項目
測定項目は，作業速度と株間とした。作業速度の測定は，ほ場両端に 10m または 20m
43
間隔でポールを立て，その間の通過時間をストップウオッチで計測し算出した。株間












供試トウモロコシの品種は，I が 39N29MR，A が TH680MR，E が LB3520SF であった。
分離目皿は，LB3520SF にφ7.5 を使用し，それ以外はφ8.0 とした。
⑥ 供試トラクタおよび設定作業速度等
供試トラクタの出力は，I が 40kW（M1-55，クボタ），A が 40kW（TN55S，NEW HOLLAND），
E が 39kW(Ecotra EG53，ヤンマー)であった。設定作業速度は，約 1.2〜1.7m/s の中速
区としたが，速度による播種深さへの影響を調べるため，一部ほ場は，約 2m/s の高速
区を設けた。条間は 70〜85cm，株間は 18〜20cm とし，播種深さは不耕起区 2.5〜3cm，









起 a，b，c）と耕起 1 ほ場（以下，耕起 a）の全 4 ほ場で行った。不耕起 a は 20a(100m
×20m）のリードカナリーグラス収穫跡，不耕起 b は 90a（114m×79m）のアルファル
ファ主体の牧草地，不耕起 c は 95a（135m×70m）のオーチャードグラス主体の牧草地







a が LG3215MR，不耕起 b と c が 39N29MR，耕起 a がセシリアであった。条間および設









上記開発目標を達成するため試作した開発機の外観と仕様を図 2-13 と表 2-6 に示

















































































































度が速くなるほど大きな値となった。ほ場別には，不耕起 G および耕起 I と G は，低
速区では 3〜3.5cm，中速区では 4cm 前後，高速区で 4〜7cm であったが，不耕起 I は，






















































































1) I は岩手県農業研究センター畜産研究所，G は群馬県畜産試験場。
2) ほ場表面から深さ約 5cm までの土壌をサンプリングし，定温乾燥法（105℃・24hr）で求めた(n=3)。




図 2-16 不耕起ほ場 G 高速区の出芽状況
（出展：群馬県畜産試験場）















不耕起ほ場では，深さ 5cm までの土壌貫入抵抗の最大値が 1.25MPa 程度までは，中
速区と高速区ともに平均播種深さがほぼ設定どおり 2.5〜2.8cm であり，作業速度の
違いによる差はなかった。しかし，深さ 5cm までの土壌貫入抵抗の最大値が 1.55MPa
の不耕起ほ場 E では，中速区では，設定 3.6cm であったが，高速区ではほぼその半分
の 1.8cm と浅くなった。土壌貫入抵抗が 1.5MPa 程度の比較的堅い土壌では，目標とす
る播種深さを確保するためには，作業速度を 1.2m/s 程度に落とす必要があることが
















































































































































1) I は岩手県農業研究センター畜産研究所，A は秋田県農林水産技術センター畜産試験場，E は愛媛県
農林水産研究所畜産研究センター。
2) ほ場表面から深さ約 5cm までの土壌をサンプリングし，定温乾燥法（105℃・24hr）で求めた(n=3)。










した。供試ほ場の中で最も面積が小さい不耕起 a のほ場作業量は 64a/h（作業能率
1.6h/ha），直進時の平均作業速度 2.3m/s，有効作業効率 65.2％であった。一方で，
不耕起 b と c は，不耕起 a よりもほ場面積が大きいものの，石が多いことから作業速
度を抑えたため，56a/h（1.8h/ha）と 66.7a/h（1.5h/ha），有効作業効率は双方とも















































































イ. 目皿傾斜角が 42～58°の範囲のとき，1 粒率は 98％前後であったが，その範囲
から外れると 1 粒率が低下した。このため，開発繰出装置を開発機に搭載する場
合は，42°と 58°の中間の 50°とすることが適当と判断された。
ウ. 種子を 1 粒に分離する精度（1 粒率）は，種子繰出速度 4～12 回/s の範囲では，
繰出速度の影響は小さいことがわかった。
エ. ただし，種子形状（長短比）の違いは１粒率に影響し，長短比 1.5 前後の種子
の場合は１粒率が 98％以上であったが，長短比が 2.0 前後では 96〜98％に，長

























エ. 播種深さは，深さ 5cm までの土壌貫入抵抗の最大値が 1.25MPa 程度までは，中
速区と高速区ともにほぼ設定どおりであったが，土壌貫入抵抗が 1.5MPa 程度の
ほ場では，目標とする播種深さの確保が困難な場合があった。
オ. 作業能率試験の結果，20a(100×20m)では，直線時の平均作業速度 2.3m/s で，
ほ場作業量は 64a/h（1.6 時間/ha）となり，標準的作業能率とされる 5.2 時間
/ha（農林水産省 2008b）の約 3 倍であることが分かった。また，1 時間当たりの


























































全 長 （mm） 6,500 6,810 6,180
全 幅 （mm） 2,000 2,340 2,000
全 高
１）
（mm） 3,460 3,460 3,460
重 量 （kg） 4,990 5,220 4,920
収穫部
細断方式 ユニット型シリンダ式
アタッチメント種類 ロークロップ式 リール式 ピックアップ式
作業幅 （mm） 1,500（２条刈） 2,060（６条刈） 1,600
























する作業風景を図 3-2 に示す。トウモロコシ用アタッチメントは 2 条刈りのロークロ
ップ式であり枕地処理も中割も可能である。牛の食べ残しを減らしロールベールの密
度を上げ，サイレージ品質を高めるため，切断長は 1cm に設定する。ほ場作業量は，
ほ場面積が 30a 程度であれば 30～40a/h であった。ほ場面積が同じでも収量が多い場
合やほ場の形状が不整形な場合は，ほ場作業量は低下する。ロールベールの質量は，




















































示す（新出ら 2008a）。切断長 3cm の飼料イネ WCS を 14.8％の割合で混合した TMR を
給与した場合では，1cm の区と乾物摂取量に差はなく，子実排せつ量および排せつ率
は，3cm の区の方が少ないことから 3cm 程度に切断することが望ましいとしている（新
出ら 2008b）。これらの結果および切断長を長く設定した方が所要動力は小さくなり作
































































作業能率試験に供試したほ場は，中山間地を想定した 5a から比較的大きな 59a ま
での計 21 ほ場，供試品種は，はまさり，クサノホシ，タチアオバおよび長稈品種のル





















































汎用型飼料収穫機で収穫調製したサイレージの発酵品質について，約 6 ヵ月後と 12






































図 3−3 飼料イネ用アタッチメント装着時の収穫部 
（側面図）

































































図 3−7 放出されたベール概観 
（直径 1m，幅 0.85m）




























ほ場作業量は，10a 未満のほ場では平均 13a/h，10-20a 未満のほ場では平均 17a/h，
20a 以上のほ場では平均 31a/h となり，大きなほ場ほど大きくなる傾向を示した（図
3-10）。5a 前後のほ場でも約 11a/h であり，狭小なほ場でも適応可能であると判断さ
れた。ほ場面積 14a での長稈品種（ルリアオバ）のほ場作業量は 16a/h であり，同じ
面積における他の品種の収穫作業とほぼ同じレベルであった。面積 25a（113m×21m，














































汎用型飼料収穫機で収穫調製し，約 6 ヵ月および 12 ヵ月貯蔵し開封した飼料イネ








で 1 年経過後も高品質を維持できるサイレージ調製を可能にできた（橘ら 2011a）。










6 ヵ月 62 4.0 1.23 0.29 0.00 4.9 99


























































イグラスを切断長 1cm と 4cm に切断し，調製したサイレージを搾乳牛へ給与したとこ
































1.0t/10a（乾燥前含水率 76-87％），集草列乾物草量は 1.1-5.8kg/m（乾燥前含水率 46-
77％）であった（表 3-6）。



















































アンライグラス（品種：イナズマ，コモン）を約 2 ヵ月と 7 ヵ月後に開封し，含水率，





飼料収穫機全体の写真を図 3-12 に，アタッチメントの正面図と側面図を図 3-13 に示
した。アタッチメントの作業幅は，府県で利用されている作業幅 2.4～2.9m 程度のレ
ーキによる集草列に対応できる 1.6m とした。
表 3−7 予乾牧草用アタッチメントの主要諸元 
図 3−12 予乾牧草用アタッチメント装着時の汎用型飼料収穫機 





















方に跳ね上げ，オーガ底板とオーガのスクリュ先端との間隔が 2cm から 15cm に拡が
る機構（以下，オーガ跳ね上げ機構）を付加した（図 3-14）。さらに，オーガからフィ
ードローラへの材料草の流れを円滑にするため，パドルをオーガの中央付近に 180 度







































































図 3−17 含水率と乾物密度の関係 
(2) 作業能率試験結果
30a ほ場で測定したほ場作業量は，集草列の本数が 6 本と少なかったこともあり
89a/h となった。このときの平均作業速度は 0.6m/s，作業効率は 85%，燃料消費量は
11L/h であった。毎時乾物処理量は，0.5-6.8t/h と含水率の影響を大きく受ける結果
となった（図 3-18）が，発酵品質に良いとされる含水率約 50-60%の条件（高野ら 1989）
では平均 5.6t/h と良好な性能を示した。なお，旧フィードローラでは，この含水率条













































































約 2 ヵ月 54 4.7 1.3 0.3 0.0 5.4 98
約 7 ヵ月 54 5.1 1.3 0.3 0.0 8.0 99
B
(n=1)
約 2 ヵ月 57 4.4 2.3 0.3 0.0 3.7 99




























エ. 面積 25a（113m×21m，乾物収量 0.8t/ha）でのほ場作業量は 29a/h となり，浦
川ら（2003a）によるコンバイン型専用収穫機の 30a（100m×30m，乾物収量 1.0t/ha）
ほ場での試験結果 27a/h とほぼ同等であった。




















ウ. 30a ほ場で測定したほ場作業量は，集草列の本数が 6 本と少なかったこともあ
り 89a/h，作業効率は 85%，燃料消費量は 11L/h であった。
エ. 毎時乾物処理量は，0.5-6.8t/h と含水率の影響を大きく受ける結果となった










上記カの消費燃料 1L あたりの乾物処理量 0.37t/L は，1987 年から 1998 年まで北海
道立根釧農業試験場が行った自走式ハーベスタの性能試験結果（例えば北海道立根釧
農業試験場 1997）の供試した 12 型式分（機関出力 125-345kＷ（170-481PS））の消費























































































































長短比）が 1.5 前後の種子の場合は，１粒率は 98％以上であったが，長短比が大きく
なると低下する傾向を示し，長短比が 2.0 前後では同 96〜98％に，長短比 2.6 の種子

















2m/s 程度の高速時でも約 4～7cm の範囲内であった。また，播種深さは，不耕起ほ場
においても 0.8～2.3m/s の作業速度で 2.5～3cm の播種深さを確保できた。しかし，深



































ほ場作業量は，20a 以上のほ場で平均 31a/h であり，10-20a 未満のほ場で平均 17a/h，





















































































が可能であり，１粒点播によって種子使用量は散播標準量 3kg/10a に比べ約 85％も削

























































































不耕起対応トウモロコシ高速播種機は発売後 2 年，汎用型飼料収穫機は 7 年が経過
した。その間，いずれもそれぞれのメーカー独自の努力によって大きな発展を遂げよ
うとしている。不耕起対応トウモロコシ高速播種機は，発売当初，2 条仕様のみであ
































The global population is predicted to increase by 3.2 billion people (1.5-fold)
between 2000 and 2050, reaching 9.2 billion people, and food supplies are expected to
become scarce, raising the prices of cereals and forage. However, forage production in
Japan is increasingly being affected by issues such as the ageing of the principal farmers
and the lack of successors. Against this background, high expectations are being placed
on contractors undertaking farm work on a large scale and in a systematic manner as
the leading forage producers in Japan.
The objective of this study was to upgrade the Japanese forage production system,
to contribute to improving Japan’s self-sufficiency in forage, and, in particular, to
promote contractors except Hokkaido, whose growth has stagnated. In defining this
research topic, we focused on planting and harvesting times, which comprises almost
the entire annual work in forage production, and the development of a new
mechanization technology. We planned to develop a high-speed planter adaptable to no-
tilled fields, as a mechanization technology for the planting time, and harvesting
attachments for a self-propelled harvesting roll baler for whole crop silage, for the
harvesting time.
Our objective for the development of the high-speed planter adaptable to no-tilled
fields (hereafter, planter) was to create a planter that is comparatively small and light
and capable of rapid seeding on no-tilled fields, to allow for the no-till farming of forage
corn (hereafter, corn) in almost all regions and on almost all fields in Japan. Our
objective for the development of harvesting attachments for the self-propelled
harvesting roll baler for whole crop silage (hereafter, baler) was to create a harvesting
attachment for whole crop forage rice and an attachment for pre-dried grass in order to
widen the crops harvested by baler for the whole crop silage to include all main forage
crops. The planter and the baler will hereafter be referred to as “developed machinery.”
1. Development of a high-speed planter adaptable to no-tilled fields
The aim of developing the planter was to create a seed separating and releasing
device, which forms the central part of the planter. In order to install it within a
comparatively small and light planter, a seed separating and releasing device (hereafter,
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“new device”) was designed and prototyped that was capable of separating single seed
at a high level of accuracy, even at a high speed of corn seed release. The new device
(length 285 mm，width 170 mm，height 235 mm and weight 5 kg) contains two circular
plates (a seed separating plate and a seed release plate) that overlap vertically, rotate on
the same axis in the same direction, and are tilted, a feature not found in traditional
machinery. The basic performance of the new device was compared with a release
device (hereafter, “existing device”) of an inclined seed plate type used on existing corn
planters. Results confirmed that the new device maintained its single seed separation
functionality from a low seed release velocity of 4 seeds/s to a high seed release velocity
of 12 seeds/s, and that its action was more stable than that of the existent device. Next,
to assess the performance of the new device, we trialed several corn seeds of varying
breed, size, and shape, and conducted a seed separating test and a seed releasing test.
In the seed separating test, the impacts of the tilt angle of the seed plate, the release
velocity, and the fineness ratio (value obtained by dividing major length by minor length
of seed) on seed separating accuracy were examined. The index for seed separating
accuracy was the ratio of the count of single seed releases to the entire seed release
count. In the seed-releasing test, corn seeds were trialed in a seed releasing test device
with a seed through slit immediately beneath the new device, and seed releasing
accuracy was studied. To facilitate seeds released from the new device to drop as virtual
free fall to the surface, the seed through slit was structured to have two plates aligned
in the direction that the seeds fell. The seed releasing accuracy index was assessed as
the distance between fallen seeds and its variation (standard deviation). The seed
releasing velocity was 12 seeds/s. The space between the seeds and its variation was
calculated from the time when the seeds landed at an assumed planter working speed of
2.16 m/s and the horizontal distance between the points at which the seeds reached the
surface. Results of the seed separating test showed that, in a tilted angle range of 42–
58° for the seed plate, the single seed rate generally exceeded 98%. For this reason,
when mounting the new device on the developed machine, a seed plate tilt angle of 50°
is considered appropriate and that it can be applied to fields with a left-right incline of
about 8°. It was found that differences between the shape of the seeds had a significant
impact on seed releasing accuracy. For seeds with a fineness ratio of approximately 1.5,
the single seed rate was 98% or above; however, as the fineness ratio increased, the
single seed rate dropped, going to 96%–98% at a fineness ratio of approximately 2.0,
and to approximately 92% at a fineness ratio of approximately 2.6. The main reason for
the drop in the single seed rate was an increase in the frequency of two seeds being
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released simultaneously. These results indicate that, by using seeds of a low fineness
ratio, that is, seeds that are almost round, the new device lowers the occurrence of two-
seed release and enables precision planting with a high single seed rate. Furthermore,
the results of the seed-releasing test showed that, as assumed, the space between seeds
was on average 18 cm, and, as the standard deviation was generally 1.5–3 cm, this value
is acceptable.
Based on the results described above, we built a prototype of the planter (length
1330mm，width 1410 mm，height 670 mm, weight 328 kg and 2 row seeding-out
specification). The planter is equipped with the new device and a soil cut and opener,
which creates furrows in no-tilled fields, that is placed below where the seeds are
released, at the bottom part of the new device. The soil cut and opener is composed of
a single disc coulter in front of a chisel-shaped opener that widens the furrow (hereafter,
furrow-widener), and, behind that, a seed through slit consisting of two plates. To
prevent crop residues or weeds from entering, the edges of the furrow-widener are set
close to the outer circumference of the disc coulter. In a trial of the prototype high-
speed planter adaptable to no-tilled fields, a planting accuracy test and a working
capacity test were performed on a field. The planting accuracy test showed that,
although variation in spacing grew as working speed increased, the standard deviation
of the spacing was within a range of approximately 4–7 cm, even at a speed of
approximately 2 m/s. Furthermore, a planting depth of 2.5–3 cm could be maintained
at a working speed of 0.8–2.3 m/s, even in no-tilled fields. However, for no-tilled fields
where the maximum soil penetration resistance to a depth of 5 cm exceeded 1.5 MPa,
planting depth settings could be maintained at low and medium speed, but were half as
deep at high speed. This suggests that reduced working speed or light pre-tillage is
required to maintain target planting depths in comparatively firm soils with soil
penetration resistance of 1.5 MPa or higher. All tilled fields were virtually on target,
with a planting depth of 3–5 cm. The working capacity test on the no-tilled fields
showed that the field working rate (work capacity approximately 1.5–1.8 h/ha) was 56–
67 a/h, greatly exceeding the standard work capacity of conventional machines of 5.6
h/ha.
2. Development of harvesting attachments for a self-propelled harvesting roll baler
for whole crop silage
For the development of harvesting attachments for a self-propelled harvesting roll
baler for whole crop silage, we developed an attachment for whole crop forage rice and
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an attachment for pre-dried grass.
To develop the attachment for whole crop forage rice (hereafter attachment for
rice), we prototyped a field trial device (length 2100 mm，width 2350 mm，height 1600
mm, operating-width 2 m and weight 560 kg) based on an existing general-purpose
combine harvester reel-type attachment. To ensure the smooth flow of the material from
the attachment into the harvesting body, we made improvements to the prototype
including the widening of the attachment’s discharge opening and moving the
attachment closer to the harvesting body. We gave the device a field trial and conducted
a working accuracy test and a working capacity test on whole crop forage rice. The
working accuracy test showed that the average loss at bale release was 1.2%. The
average bale mass was 328 kg, and the average dry matter density was 168 kg/m3. The
working capacity test indicated that the average field working rate was 31 a/h for fields
of 20 a and higher, 17 a/h for fields of 10–20 a, and 11 a/h for small fields of around 5
a. These results suggested that, although working capacity increases with larger fields,
it can also be easily adapted to mountainous areas with many small fields. It was also
confirmed that a whole crop forage rice harvester could easily harvest the tall-calm type
rice with an average height of 145 cm, which is thought to be difficult to harvest. With
the increasing importance of forage self-sufficiency, acreage worked for tall-calm type
whole crop forage rice, which has a high yield, is expected to increase, and active use
of the baler will increase.
To develop the attachment for pre-dried grass (hereafter attachment for grass), we
prototyped a field trial device (length 1090 mm，width 1730 mm，height 1090 mm,
operating-width 1.6 m and weight 280 kg) based on the pick-up attachment for a forage
harvester with interchangeable units. To ensure the smooth flow of the material from
the attachment into the harvesting body, we made improvements in the prototype,
including the installation of a paddle to push the material in the center of the
attachment’s auger towards the feed roller of the harvesting unit, and changing the
cross-sectional shape of the edges of the plate-like protuberance (roller bar) around the
feed roller of the harvester unit into a sharp-edged rectangle. Furthermore, to prevent
the harvester unit from being clogged with material, we added two mechanisms: (1) a
mechanism to stop the supply from the attachment when large volumes enter the unit
from the attachment, and (2) a mechanism that ensures that regular work is resumed
shortly after the supply has been discontinued. An on-site working accuracy test
indicated an average loss at bale release of 0.9%, average bale mass of 423 kg, average
dry matter density of 232 kg/m3, and average dry matter processing mass per hour of
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5.6 t/h at a moisture content of 50–60%, taken to be good for fermentation quality. A
working capacity test showed that working capacity was 89 a/h for a 30 a (100 × 30 m)
field.
The fermentation quality remained good after one year for whole crop rice silage
harvested with the developed machinery, and for at least seven months for pre-dried
grass silage. This is thought to be mainly due to the high dry matter density inside the
roll bales of both whole crop forage rice and pre-dried grass.
3. Implementation of the developed machinery
The above results showed that the new device and the planter performed
sufficiently well to be implemented. Furthermore, they also showed that the attachment
for rice and the attachment for grass displayed sufficiently high performance to widen
their use to include whole crop forage rice and pre-dried grass as crops to be harvested
by a self-propelled harvesting roll baler for whole crop silage. Based on these results,
the planter began to be mass produced by AGRITECNO YAZAKI Co., Ltd. in 2013 and
the baler began to be mass produced by Takakita Co., Ltd. in 2009. The former is
marketed as model NTP-2, and the latter as model SMR1000. Both manufacturers are
joint R&D companies that were engaged in research and development with the Bio-
oriented Technology Research Advancement Institution from the start of the
development process. Approximately 20 NTP-2 and 100 SMR1000 machines were in
use as of January 2015, and their numbers continue to increase. High levels of interest
have been shown in both machines from abroad, particularly in Asia, and the NTP-2 is
being exhibited in agricultural machinery shows abroad, while the SMR1000 is already
being exported to Korea and China.
4. Future prospects of the developed machinery
The agricultural production structure of Japan consists of many small fields. To
move between fields, farmers are forced to use farm roads, which are too narrow, and
public roads, where they face the risk of traffic incidents. Although rice transplanters,
head-feeding combines, and other equipment that have been developed, especially for
rice farming in Japan, can be said to be gradually increasing in size, they are clearly
small and light compared to agricultural machinery throughout the world, including the
USA and Europe. The high number of small fields and the narrow roads used to move
between fields equally affect both forage production and rice production. Due to the
size and mass of foreign-made self-propelled forage harvesters, their use in Japan’s
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small fields is difficult in many regions and fields. The development of comparatively
small and light high-performance agricultural machinery for forage production in Japan
is essential. We think that the spread of the developed machinery will contribute,
particularly in the prefectures, to the expansion of contractor organizations engaged in
forage production.
Furthermore, Japan is characterized by its mix of rice paddies and dry fields even
within the same region, and the production of a wide variety of crops within the same
region, in contrast to countries with large-scale farming. For land-extensive crops such
as rice, soy, and corn, planting single crops rather than multiple crops, if fields are wide
as they are overseas, can be said to be profitable from the perspective of labor
effectiveness and low costs. However, for geographical reasons, including complex
topography, and because of a history of fields being divided into smaller fields, the
agricultural production base in Japan is small and farm roads are narrow. It is difficult,
with a single crop, to maintain sufficient acreage to the management of contractors. To
increase the scale of business, it is important that commercial crops such as rice for
food consumption, wheat, and soy, and also vegetables, which are highly profitable per
acre, are added to multiple forage crops, and to get involved in so-called compound
business crops. It has also been reported that compound crops make work more
consistent in large-scale management bodies over the year, and contribute to
employment throughout the year for staff. Contractors aiming for these compound crops
need equipment that has (1) high versatility applicable to a wide variety of crops, and
(2) wide-ranging adaptability for work in tilled and no-tilled fields. The baler was
developed from the start with this goal, and has already mostly met these requirements.
On the other hand, the planter could be developed into a wide crop use planter that can
be adapted to, in addition to corn, a wide variety of crops including rice, wheat, and soy.
For this reason, we have embarked on the research and development of a wide crop use
planter in 2015. We aim to make a machine that is characterized not only by high
versatility, but also by high speed, high accuracy, and suitability for work on no-tilled
fields, and with higher levels of functionality and performance than conventional
machinery. Based on the outcomes of the present study, we want to produce, in a short
period of research (3 years), a practical machine that can be used not only in Japan, but
also in many other countries, particularly in Asia, which has a similar climate and
agricultural production base.
It has been two years since the development of the planter, and seven years since
the development of the baler. During this time period, substantial developments have
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been made in this sector. The planter was launched with only two specifications, but,
as of January 2015, the line-up is being expanded to four specifications, including a
fertilizer distributor and a mixed planting unit with sorghum. In the case of the baler,
the harvester unit components were reviewed to improve durability, and a harvesting
attachment was developed especially for the baler that can be used for both corn and
whole crop forage. This was announced as a new product (product name: Multiheader,
model: SMR-MH) by the manufacturer in December 2014. However, many issues
remain. Many requests are received for the planter to provide a marker (a device that
makes a mark on the surface of the field so that one knows when the next process starts),
to enable the operator to accurately trace the next row. Mechanically applying a mark
to the surface is difficult in no-tilled fields, particularly when there is a high prevalence
of weeds. Furthermore, the method of using GPS for positioning requires, for planting
work, an accuracy with an error in cm, which is currently problematically expensive.
Requests received for the baler include the provision of a crusher that breaks up the
corn grains at the same time as it is harvested, to improve forage efficiency as fodder.
Self-propelled forage harvesters manufactured abroad, which are equipped with large-
size, large-output engines, are commonly provided with a crusher. However, crushers
require a high power supply, which is associated with increased mass for the harvester
unit. It is currently very difficult to include this on a self-propelled harvesting roll baler
for whole crop silage, which is characterized by its comparatively small size and light
weight and its simultaneous roll bale production. It is difficult to develop this currently,
but an increase in the size of the engine and traveling section could facilitate the
addition of a crusher, and this is an important issue that requires further studies. We
would like to continue to receive users’ and contractors’ wide-ranging views and
requests and incorporate the feedback for further improvisations in the machinery and
mechanization technology.
We believe that, in the future, further development of mechanization technology
will be key in creating an upward trend in Japan’s food self-sufficiency and increasing
the global food supply capability. We hope that the machinery developed by us will
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